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&RQIHUHQFH RQ5HVLOLHQFH DQG 6XVWDLQDELOLW\ RI &LWLHV LQ+D]DUGRXV (QYLURQ
PHQWV ZKHUH WKH DLPZDV WRGLVFXVVKRZ WKHPRGHUQ WHFKQRORJ\ RI URERWLFV
YLUWXDO UHDOLW\ DQG JDPLQJ FRXOG KHOS LQ SUHVHUYLQJ FXOWXUDO KHULWDJH VLWHV
7KHUH LV D SOHWKRUDRI DFKLHYHPHQWV LQ WKLV WHFKQRORJ\ EXW KRZDQGZKHWKHU






&XOWXUH SOD\V D IXQGDPHQWDO UROH LQ HFRQRPLHV LQ SDUWLFXODU LQ XUEDQ HFRQRPLHV
WKURXJKPRQHWDU\DQGQRQPRQHWDU\YDOXHV$FFRUGLQJWRWKH 8QLWHG1DWLRQV(GXFD






LFDO RU DUWLVWLF RUERWK ,W LV SDUW RI RXU HFRV\VWHPDQG DZLQGRZ LQWRRXU SDVW DQG










:LWK WKH GHYHORSPHQWV LQ PRGHUQ WHFKQRORJ\ ZH FDQ KRZHYHU FUHDWH QHZ DS
SURDFKHV QRW RQO\ WR SURWHFW FXOWXUDO KHULWDJH VLWHV DQGPDNH WKHP DYDLODEOH IRU D
ZLGHUDQJHRISXEOLFEXWDOVRWRSURGXFHDIUDPHZRUNDNLQGRI&\EHU3K\VLFDO6R
FLDO6\VWHPWKDWDLPV DWFRQQHFWLQJ WKHDXGLHQFHWRHYHQWVDQGRUREMHFWVRUSKHQRP






'XULQJ WKHRSHQ VHVVLRQRI WKH FRQIHUHQFH WKUHH WHFKQRORJLHVZHUHSURSRVHG IRU
GLVFXVVLRQ 5RERWLFV9LUWXDO5HDOLW\95DQG6HULRXV*DPHV6*
 %DFNJURXQG
5RERWV DUH RIWHQ DVVRFLDWHG LQ SRSXODU SUHVV ZLWK HLWKHU LPSUHVVLYH+ROO\ZRRG KX
PDQRLG FKDUDFWHUV RUZLWKPDFKLQHV WKDW DUH FDSDEOH WRGR UHSHWLWLYH WDVNV VXFK DV
LQGXVWULDOURERWV,QUHDOLW\KRZHYHUWKHUHFHQWUHVHDUFKLQWKHGRPDLQRIURERWLFVKDV





LQGRRU HQYLURQPHQWV XUEDQ HQYLURQPHQWV PRQXPHQWV HWF 5RERWLFV V\VWHPV DUH
YHUVDWLOH DQG FRPSOH[ DQG DUH XVHG LQ VHDUFK DQG UHVFXH >@ VXUYHLOODQFH >@ DQG
PRQLWRULQJ)RULQVWDQFHKHULWDJHVLWHVDUHRIWHQODUJHDQGPD\EH H[SRVHGWR DSOHWK
RUDRIJHRORJLFDO ODQGVFDSHDQGRWKHU KD]DUGV5RERWH[SORUDWLRQRIKD]DUGRXVHQYL
URQPHQWVFDQKHOSLQ WKH FROOHFWLRQRI GDWDIRULPSURYLQJGLJLWL]HGGDWDEDVHVDVVLVW
LQJDQGSURWHFWLQJKXPDQUHVRXUFHVDQGSURYLGLQJUHPRWHDFFHVVWRUHVWULFWHGDUHDV
8QPDQQHG$XWRQRPRXV9HKLFOHV8$9FDQSURYLGHDHULDOVXUYH\VRIDUFKHRORJLFDO
VLWHV DQG DXWRPDWLF LPDJH SURFHVVLQJ FDQ KHOS LGHQWLI\LQJ KLGGHQ UHJXODU VKDSHV
DQGRUSRVVLEOHVDIHSDWKVIRUKXPDQZRUNHUV
9LUWXDOUHDOLW\95WHFKQRORJ\KDVEHHQDSSOLHGWRWKHSURWHFWLRQRIFXOWXUDOKHULW
DJH IRU DERXW WZR GHFDGHV >@ 7KLV DOORZV DQ\RQHZLWK D ZHE FRQQHFWLRQ RU D
YLUWXDOUHDOLW\KHDGVHWWRYLVLWVRPHRIWKHZRUOG¶VPRVWIDPRXVKHULWDJHVLWHVZLWKRXW
OHDYLQJWKHLUKRPHV&UHDWLQJYLUWXDOYHUVLRQVRIKHULWDJHORFDWLRQVWKURXJK95PD\
DOVRKHOSSUHVHUYLQJVLWHUHFRUGVRUDLGLQJLQUHFRQVWUXFWLRQV LI KHULWDJHORFDWLRQV DUH
GDPDJHG LQ WKH IXWXUH 7KHGDWDFROOHFWHGE\ URERWV VHQVRUV DQGRWKHUPHDQVZLOO

















LQJWKHXVHRIURERWV95 DQG6*SUHVHQWHGDERYH DQGSURYLGHGIXUWKHULQVLJKWV WR
WKHLU DSSOLFDWLRQV
5RERWV DV H[SORUHUV VXFK DV GURQHV WRJHWKHUZLWK WHOHPHWU\ FRXOGREVHUYH LQDF











FDQ XOWLPDWHO\ OHDG WR WKH GHYHORSPHQW RI WRROV WKDW FDQ VLPXODWH YDULRXV SRWHQWLDO
GLVDVWHUVLWXDWLRQVDQGKHOSZLWKHGXFDWLQJWKHSXEOLFDQGLQHPHUJHQF\SODQQLQJ
,QWKHIROORZLQJVHFWLRQVZHH[SORUHWKHSRWHQWLDODSSURDFKHVRIKRZWRSUHVHQWRXU
FXOWXUDOKHULWDJH LQDQHZZD\ZKLOVWSUHVHUYLQJ WKHDUHDVDQGDUWHIDFWVDQGKRZ WR
PDNHDYDLODEOHVSDFHVREMHFWVDQGQDUUDWLYHV DQGEDFNJURXQGKLVWRU\DQGLQIOXHQFHV
WKDWDUHDVVRFLDWHGZLWKDKLVWRULFDOVLWHRUDQDUWHIDFWWRDOORZSHRSOHH[SHULHQFHKLV




















$VQRWHGDERYH URERWVFDQDFWDVJXLGHVPRQLWRUDQGVFDQ WKHDUHDV DQGDFWDV
OLQNVWRWKHUHFRQVWUXFWHGFLW\LQ95,Q)LJ WZRW\SHVRIURERWVFDQEHVHHQ $
URERWJXLGH RQ WKH JURXQG WKH URERW DW WKH ORZHU OHIW FRUQHU FDQ 
PHHW DQG JUHHW

YLVLWRUVDQVZHU WKHLUTXHVWLRQVDQGGLUHFW WKHPWR WKH ORFDWLRQVRI LQWHUHVW 5RERW
GURQHVDERYHWKHLPDJHFDQVFDQWKHDUHDDQGVXEPLWUHVXOWLQJLPDJHVWRWKHURERW
JXLGHRQWKHJURXQGVRWKDW WKHURERWFDQGLVSOD\WKHPWR WKHYLVLWRUVIRUH[DPSOH
XVLQJ WKH VFUHHQ RQ LWV FKHVW 5RERWGURQHV FDQ JXLGH YLVLWRUV WR D UHTXHVWHG DUHD
EHFDXVHIRUDJURXQGURERWLV GLIILFXOW WRWUDYHORQWKHURDGVRI3RPSHLLGXHWRWKHLU
XQHYHQVWUXFWXUHV,QWKHFDVHRIURERWGURQHVWKHVDIHW\UHTXLUHPHQWV VKRXOGEHDS
























WLRQ DQG FRQVHUYDWLRQ RI KLVWRULFDO DUWLIDFWV PDNLQJ FXOWXUH DFFHVVLEOH WR HYHU\RQH
>@ 7KH SXUSRVH LV WR HQDEOH YLVLWRUV WR XQGHUVWDQG NH\ HYHQWV WKDW WRRN SODFH LQ





XPH[SHULHQFH LVQRZVKLIWLQJ IURP WKH WUDGLWLRQDOPXVHXPµIHDWXULQJGLVSOD\V¶DQG
KDYLQJ µPXVHXPYLVLWRUV¶ WR WKHHUDRI WKH µPXVHXPH[SHULHQFH¶DQG µPXVHXPFRQ
VXPHU¶>@&RQVXPHUVDWLVIDFWLRQLVFUXFLDODQGWRDYRLGWKHQHJDWLYHILQDQFLDODQG
FXOWXUDOLPSOLFDWLRQVRIGHFOLQLQJYLVLWRUQXPEHUVPXVHXPVHPSOR\GLIIHUHQWW\SHVRI














QHQW RU WHPSRUDU\ W\SHRI LQWHUDFWLRQ LQWHUDFWLYHRU QRW OHYHO RI LPPHUVLRQ LP
PHUVLYH RU QRW GLVWULEXWLRQ W\SH RQOLQH DQG RIIOLQH VFRSH HGXFDWLRQ HQWHUWDLQ
PHQWHWFFRPPXQLFDWLRQVW\OHGHVFULSWLYHRUQDUUDWLYHDQGVXVWDLQDELOLW\>@
,QYLUWXDOPXVHXPVWKHXVHRI95KDVEHHQJDLQLQJDORWRIDWWHQWLRQDPRQJRWKHU
WHFKQRORJLHV HVSHFLDOO\ LQ WKH ILHOG RI FXOWXUDO KHULWDJH FRQVHUYDWLRQ UHVWRUDWLRQ
GLJLWDOVWRU\WHOOLQJDQGHGXFDWLRQ>@95FDQKHOSPXVHXPVWRRYHUFRPHDQXPEHU
RI FKDOOHQJHV DQG OLPLWDWLRQV >@ DQG DOORZ WKH SUHVHQWDWLRQ DQG UHFRQVWUXFWLRQRI
DUWHIDFWV DQG KLVWRULFDO HQYLURQPHQWV WKDW PD\ KDYH EHHQ GDPDJHG RYHU WLPH >@















WHUL]HGE\GHHS LQYROYHPHQW LQ WKHSUHVHQWPRPHQW´ >@DQGH[SUHVVHV WKH IXOODE
VRUSWLRQRI WKHXVHU LQWR D QHZDQGGLJLWDO GLPHQVLRQZKLFK VWLPXODWHV WKH LQWHUHVW









7KH WHFKQLFDO FKDUDFWHULVWLFV RI 95 UHTXLUH KDUGZDUH HTXLSPHQW WR JHQHUDWH WKH
YLUWXDOHQYLURQPHQWDQG WRGLVSOD\ LQIRUPDWLRQ7KHRSWLPDOKDUGZDUHFRQILJXUDWLRQ
IRUDKLJKTXDOLW\H[SHULHQFH WKDWZLOOSURYLGH WKHKLJKHVW OHYHORI LPPHUVLRQ LQ WKH
YLUWXDOVHWWLQJUHTXLUHVWKHXVHRIH[SHQVLYH95V\VWHPVVXFKDV&$9(3RZHU:DOO
DQG 5HDOLW\ 'HFN >@ 7KHVH DUH VXSUHPH TXDOLW\ LPPHUVLYH HQYLURQPHQWV XVLQJ
PXOWLVLGHGSURMHFWLRQVZKLFKSURYLGHWKHKLJKHVWOHYHORILPPHUVLRQ>@+RZHY




ULHQFHV WR XVHUV 7KHVH GHYLFHV DUH DIIRUGDEOH DQG FDQ SURYLGH YHU\ JRRG JUDSKLFDO
TXDOLW\ >@1HYHUWKHOHVV WKHPDLQ LVVXH LV WKDW WR UXQ WKHVH GHYLFHV UHTXLUHV KLJK
SHUIRUPDQFHFRPSXWHUV WRJHQHUDWH WKHH[SHULHQFH$PRUHFRPSDFWDQGFRVWHIIHF
WLYH RSWLRQ LV WKH XVH RI 95 UHDG\ VPDUW SKRQHV WKDW DUH SRZHUHG E\ WKH XVHUV¶



















DVSHFWRI WKHHQYLURQPHQWDQG WKHQDYLJDWLRQDQG LQWHUDFWLRQ LVXWLOL]HG WKURXJK WKH
















,Q WKLV SDSHU ZH SUHVHQWHG VRPH LQLWLDO SULQFLSOHV RI D QHZ W\SH RI D PXOWLIDFHWHG
&\EHU3K\VLFDO6RFLDO 6\VWHP WKDW ZLOO EH DEOH WR LQWHUWZLQH GLYHUVH WHFKQRORJLHV
VXFK DV 5RERWLFV 9LUWXDO 5HDOLW\ DQG *DPLQJ 7KLV V\VWHP ZLOO HQFRPSDVV ERWK
SK\VLFDODQGYLUWXDOHQYLURQPHQWV LQFOXGLQJ UHDODQGDUWLILFLDO DJHQWVDQGHOHPHQWV
FDSDEOHRILQWHUDFWLQJ G\QDPLFDOO\UHIOHFWLQJ DQGLQIOXHQFLQJHDFKRWKHUDQGZLWKWKH
LQWHUDFWLRQVHQJHQGHUHGE\KXPDQ EHKDYLRXU ,WVSULPDU\ DSSOLFDWLRQ LVFXOWXUDO DQG
FUHDWLYHLQGXVWULHVEXWWKHSURSRVHGIUDPHZRUNLVDSSOLFDEOHWRPDQ\RWKHUGRPDLQV










7KH DXWKRUV ZRXOG OLNH WR WKDQN WKHLU FROOHDJXHV 3URIHVVRUV -DFTXHV 3HQGHUV DQG
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